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Description
Technical Field

[0001] The present invention relates to a field winding
rotating electrical machine that is mounted mainly in a
vehicle and includes an armature winding and a field
winding with a control device, and to a method of con-
trolling afield current of the field winding rotating electrical
machine.

Background Art

[0002] In recent years, for environmental protection
and fuel economy improvement, a so-called hybrid car
including an engine and another power source such as
a rotary generator-motor has been developed for practi-
cal use. In this type of vehicle, the engine and another
power source are used for different running situations.
[0003] Idle reduction, for example, is a technology for
reducing unnecessary fuel consumption during idling. In
the idle reduction technology, an internal combustion en-
gine is stopped when a vehicle stops at a traffic light or
in other situations, and the internal combustion engine
is restarted by a rotary generator-motor in response to
the detection of a driver’s intention to start moving, such
as stepping on the accelerator or releasing the brake.
[0004] The rotary generator-motor mountable in this
type of vehicle is mounted in a manner that can transfer
torque to the engine. The rotation speed of the rotary
generator-motor thus greatly changes by the driver’s ac-
celerator pedal operation and the influence of friction of
the engine. As a configuration in which an induced volt-
age of the rotary generator-motor can be controlled in-
dependently of the rotation speed of the engine, there
has been adopted a field winding type rotary generator-
motor capable of control by a field currentinstead of using
a rotor incorporating a permanent magnet.

[0005] Ingeneral, as acontrol method for a power gen-
erator mounted in a vehicle, there is employed a method
of controlling a voltage of a power source such as a bat-
tery connected electrically to the power generator to be
a predetermined voltage value. In this case, a load torque
is generated in an engine connected to the power gen-
erator in accordance with a power generation amount.
Therefore, when the power generation amount of the
power generator varies based on a state of the vehicle,
the load torque on the engine also varies in the same
manner.

[0006] Therefore, when the power generation amount
changes abruptly, the generated load torque also in-
creases abruptly. If the abrupt change of the load torque
occurs during idling, engine stall may occur, or if the
abrupt change of the load torque occurs during driving,
its drivability may be affected badly.

[0007] Therefore, depending on situations, it is neces-
sary to control the load torque on the engine to be a pre-
determined value instead of controlling a power source
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voltage. For instance, there is a related art in which a
load torque in power generation is estimated from its field
current and rotation speed, and the field current is con-
trolled so that the load torque becomes a predetermined
value, to thereby realize the control of the load torque
(see, for example, Patent Literature 1). Therefore, when
performing the control as described in Patent Literature
1, it is important to correctly detect the field current in
order to control the load torque with high accuracy.

Citation List
Patent Literature
[0008] [PTL 1]JP 2010-81709 A

Summary of Invention

Technical Problem

[0009] However, the related art has the following prob-
lem.
[0010] When detecting the field current, there is an er-

ror between a detected value and an actual current due
to individual variation or aged deterioration of a detection
circuit, temperature characteristics, or the like. In partic-
ular, an operating temperature of the rotating electrical
machine for a vehicle becomes very higher temperature
because a rotating electrical machine for a vehicle is usu-
ally mounted in an engine room at a place of high tem-
perature near the engine. Therefore, the operating tem-
perature falls within a very wide range, and hence the
fluctuation of characteristics due to its temperature con-
dition becomes larger.

[0011] Inaddition, itis possible to construct a detection
circuit with less individual variation and good temperature
characteristics by using a high performance element for
the detection circuit. However, in this case, cost is in-
creased due to the use of the high performance element.
[0012] The present invention has been made for solv-
ing the above-mentioned problem, and it is an object of
the present invention to provide a field winding rotating
electrical machine and a method of controlling a field cur-
rent of the field winding rotating electrical machine, which
can realize high accuracy field current control while sup-
pressing the influences of a detection error of the field
current in the field winding rotating electrical machine
having a field winding.

Solution to Problem

[0013] According to one embodiment of the present
invention, there is provided a field winding rotating elec-
trical machine, including: an armature winding; a field
winding; a field current detection section configured to
detect a field current flowing in the field winding; a field
current control section configured to calculate a duty ratio
of a current supplied to the field winding based on a field
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current detection value detected by the field current de-
tection section, to thereby control current supply to the
field winding by using a switching element; and a field
current correction section configured to estimate a time
point when the field current becomes 0 A based on a
control state of the field current, to specify the field current
detection value detected by the field current detection
section at the estimated time point to be a field current
correction value, and to subtract the specified field cur-
rent correction value from the field current detection value
detected by the field current detection section, to thereby
calculate the corrected field current value, in which the
field current control section controls the current supply
based on the corrected field current value calculated by
the field current correction section.

[0014] Inaddition, according to one embodiment of the
present invention, there is provided a method of control-
ling a field current of a field winding rotating electrical
machine, the field winding rotating electrical machine in-
cluding: an armature winding; and a field winding, the
method including: a field current detection step of detect-
ing, by a field current detector, a field current flowing in
the field winding; a field current control step of calculating
aduty ratio of a current supplied to the field winding based
on a field current detection value detected in the field
current detection step, to thereby control current supply
to the field winding by using a switching element; and a
field current correction step of estimating a time point
when the field current becomes 0 A based on a control
state of the field current, specifying the field current de-
tection value detected in the field current detection step
at the estimated time point to be a field current correction
value, and subtracting the specified field current correc-
tion value from the field current detection value detected
in the field current detection step, to thereby calculate
the corrected field current value, in which the field current
control step includes controlling the current supply based
on the corrected field current value calculated in the field
current correction step.

Advantageous Effects of Invention

[0015] According to the field winding rotating electrical
machine and the method of controlling the field current
of the field winding rotating electrical machine according
to one embodiment of the present invention, a time point
when the field current becomes 0 A is estimated based
on the control state of the field current, and the field cur-
rent detection value detected at the estimated time point
may be used as the field current correction value for cor-
recting the detection error of the field current. As a result,
there may be provided the field winding rotating electrical
machine and the method of controlling the field current
of the field winding rotating electrical machine, which can
realize the high accuracy field current control with the
suppressed influence of the detection error of the field
current in the field winding rotating electrical machine
having the field winding.
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Brief Description of Drawings
[0016]

FIG. 1 is an overall configuration diagram schemat-
ically illustrating a case where a field winding rotating
electrical machine according to a first embodiment
of the present invention is mounted in a vehicle.
FIG. 2 is a structural diagram of the field winding
rotating electrical machine according to the first em-
bodiment of the present invention.

FIG. 3 is a structural diagram of a field current cor-
rection section according to the first embodiment of
the present invention.

FIGS. 4 are diagrams showing temporal changes of
a time measuring counter, a field current duty ratio,
and a field current in the field current correction sec-
tion according to the first embodiment of the present
invention.

FIG. 5 is a structural diagram of a field current cor-
rection section according to a second embodiment
of the present invention.

Description of Embodiments

[0017] Now, a field winding rotating electrical machine
and a method of controlling a field current of the field
winding rotating electrical machine according to exem-
plary embodiments of the present invention are de-
scribed with reference to the drawings.

First Embodiment

[0018] FIG. 1is anoverall configuration diagram sche-
matically illustrating a case where a field winding rotating
electrical machine according to a first embodiment of the
present invention is mounted in a vehicle. A drive source
includes an engine 10 and a rotating electrical machine
40 (corresponding to a field winding synchronous gen-
erator-motor, which is referred to as the rotating electrical
machine 40 in the following description). Further, the en-
gine 10 and the rotating electrical machine 40 are coupled
to each other directly or via coupling means 20 such as
a belt or a pulley so that the engine 10 and the rotating
electrical machine 40 can transfer a torque to each other.
[0019] In addition, the rotating electrical machine 40 is
electrically connected to a storage battery 30. The stor-
age battery 30 may be a storage battery shared by other
loads for the vehicle or may be a storage battery dedi-
cated for the rotating electrical machine 40.

[0020] Next, an electrical connection structure of the
rotating electrical machine 40 is described. FIG. 2 is a
structural diagram of the field winding rotating electrical
machine according to the first embodiment of the present
invention. As illustrated in FIG. 2, the rotating electrical
machine 40 includes a motor/generator unit 50, a power
conversion unit 60, and a control section 70.

[0021] The motor/generator unit 50 includes a three-
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phase Y-connected or A-connected armature winding 51,
a field winding 52, and a current detector 53. Note that,
the armature winding 51 may have a connection other
than the three-phase connection.

[0022] The power conversion unit 60 is a so-called
three-phase inverter, which includes six power conver-
sion switching elements 63a to 63c and 64a to 64c con-
nected to individual phases of the armature winding 51
of the motor/generator unit 50, a field winding current
control switching element 61 connected to the field wind-
ing 52 of the motor/generator unit 50, and a flywheel di-
ode 62.

[0023] The control section 70 includes a gate driver
80, an armature control section 90, a field current control
section 100, a field current detection section 110, and a
field current correction section 120. The gate driver 80
drives individual switching elements of the power con-
version unit 60.

[0024] The armature control section 90 controls
ON/OFF timings of the power conversion switching ele-
ments 63ato 63c and 64a to 64c of the power conversion
unit 60 connected to the armature winding 51 of the mo-
tor/generator unit 50.

[0025] Thefield currentcontrol section 100 determines
an ON/OFF timing of the field winding current control
switching element 61 for controlling the field current to
be supplied to the field winding 52 of the motor/generator
unit 50.

[0026] Here, the gate driver 80 is configured to control
the drive and the power generation of the motor/gener-
ator unit 50 by driving the power conversion switching
elements 63a to 63c and 64a to 64c¢ and the field winding
current control switching element 61 based on an
ON/OFF command sent to the armature winding 51 and
the field winding 52 from the armature control section 90
and the field current control section 100.

[0027] In addition, the field current detection section
110 detects a current flowing in the field winding 52 by
the current detector 53. In addition, the field current cor-
rection section 120 performs correction calculation of a
field current detection value Iraw detected by the field
current detection section 110.

[0028] Further, the control section 70 is connected to
a control unit 130, which is arranged outside the rotating
electrical machine 40, and receives an operation com-
mand such as a power generation command or a drive
command from the control unit 130. For instance, if the
command sent from the control unit 130 is the power
generation command, the control section 70 transits the
rotating electrical machine 40 to a power generation
mode for performing a power generation operation. On
the other hand, if the command is the drive command,
the control section 70 transits the rotating electrical ma-
chine 40 to a drive mode for performing a drive operation.
[0029] Inaddition, if neither the power generation com-
mand nor the drive command is transmitted from the con-
trol unit 130, the control section 70 transits the rotating
electrical machine 40 to a halt mode in which neither the
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armature control nor field current control is performed.
Further, the control section 70 transits the rotating elec-
trical machine 40 to the halt mode also if a stop command
is transmitted from the control unit 130.

[0030] Next, an operation of the field current correction
section 120 as a technical feature of the presentinvention
is described in detail. FIG. 3 is a structural diagram of
the field current correction section 120 according to the
first embodiment of the present invention. As illustrated
in FIG. 3, the field current correction section 120 includes
a field current correction value calculation unit 121, a
correction value update permission determination time
storage unit 122, a field current correction value storage
unit 123, and a field current calculation unit 124.

[0031] The field current correction value calculation
unit 121 specifies the field current detection value Iraw
detected when the current flowing in the field winding 52
is 0 A to be a field current correction value loff, and in-
cludes time measuring means 121 a. The correction val-
ue update permission determination time storage unit
122 is a storage unit that stores a correction value update
permission determination count value Cth in advance.
[0032] The field current correction value storage unit
123 isa storage unitfor storing the field current correction
value loff calculated by the field current correction value
calculation unit 121. In addition, the field current calcu-
lation unit 124 calculates a field current value If by cor-
recting the field current detection value Iraw based on
the field current correction value loff.

[0033] Next, there is described a method of determin-
ing whether or not the current flowing in the field winding
52 is 0 A in the field current correction value calculation
unit 121. FIGS. 4 are diagrams showing temporal chang-
es of a time measuring counter, a field current duty ratio,
and a field current in the field current correction section
120 according to the first embodiment of the present in-
vention. In the following description, FIGS. 4 are referred
to as necessary.

[0034] First, the field current correction value calcula-
tion unit 121 receives a duty ratio Df of a PWM signal
(hereinafter referred to as a field current duty ratio Df) so
as to determine whether or not the field current duty ratio
Df is 0%, the PWM signal being used for commanding
ON/OFF of the field winding current control switching el-
ement 61 so that the field current control section 100
controls the field current.

[0035] If the field current duty ratio Df is not 0%, the
time measuringmeans 121ainthe field current correction
value calculation unit 121 clears a time measuring count
value C to be 0. On the other hand, if the field current
duty ratio Df is 0%, the time measuring means 121 a
counts up the time measuring count value C.

[0036] Then, the field current correction value calcula-
tion unit 121 repeats the above-mentioned operation us-
ing the time measuring means 121aevery predetermined
time so as to measure duration time of the state where
the field current duty ratio Df is 0%. If the state where the
field current duty ratio Df is 0% continues, the time meas-
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uring counter C is sequentially counted up as shown in
FIG. 4(a).

[0037] Next, ifthe time measuring counter Cis counted
up, the field current correction value calculation unit 121
determines whether or not the time measuring count val-
ue Creaches the correction value update permission de-
termination count value Cth read out from the correction
value update permission determination time storage unit
122. Then, if the time measuring count value C has
reached the correction value update permission deter-
mination count value Cth, the field current correction val-
ue calculation unit 121 determines (estimates) that the
current flowing in the field winding 52 is 0 A.

[0038] Here, the correction value update permission
determination countvalue Cthis setto a count value such
as to secure a time period sufficiently longer than a time
constant of the field winding 52. This is because, for ex-
ample, when the field current duty ratio Df is changed
from 100% to 0% as shown in FIG. 4(b), a current flowing
in the field winding does not promptly become 0 A, but
the current decreases in accordance with a time constant
determined by resistance and inductance of the field
winding as shown in FIG. 4(c).

[0039] Inotherwords, even if the field current duty ratio
Df is 0%, the current flowing in the field winding 52 is not
always 0 A. Therefore, as shown in FIGS. 4, it is neces-
sary to set the correction value update permission deter-
mination count value Cth to a value larger than the time
constant of the field winding 52 so as to secure a time
period in which the current flowing in the field winding is
reliably converged to 0 A.

[0040] When the time measuring counter C reaches
the correction value update permission determination
count value Cth, the field current correction value calcu-
lation unit 121 reads the field current detection value Iraw
from the field current detection section 110. Here, as de-
scribed above, when the time measuring counter C
reaches the correction value update permission determi-
nation count value Cth, the current flowing in the field
winding 52 (actual current) is reliably 0 A. Therefore, it
can be said that the field current detection value Iraw at
this time is a detection value obtained when the current
is 0 A.

[0041] Therefore, the field current correction value cal-
culation unit 121 controls the field current correction val-
ue storage unit 123 to store, as the field current correction
value loff, the field current detection value Iraw at this
time that is the detection value obtained when the current
is 0 A.

[0042] Then, the field current calculation unit 124 sub-
tracts the field current correction value loff stored in the
field current correction value storage unit 123 from the
field current detection value Iraw so as to calculate the
field current value If with the corrected error. Further, the
field current calculation unit 124 transmits the calculated
field current value If to the field current control section
100. As a result, the field current control section 100 can
perform current supply control to the field winding 52 by
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the corrected field current value If.

[0043] As described above, according to the first em-
bodiment, the correction value is calculated as the field
current detection value obtained when the state where
the duty ratio of the PWM signal for commanding the
ON/OFF of the field winding current control switching el-
ement for controlling the field current is 0% continues for
a time period sufficiently longer than the time constant
of the field winding, namely, obtained in the state where
the field currentbecomes reliably 0 A. Therefore, the field
currentcontrol can be performed by using the field current
detection value corrected by the correction value. Thus,
itis possible to realize high accuracy field current control
with correction of the detection error generated by an
individual variation or aged deterioration of the current
detection circuit, or temperature characteristics.

Second Embodiment

[0044] In the first embodiment described above, there
is described the case where the duty ratio of the PWM
signal supplied to the field winding is monitored so as to
determine that the current does not flow in the field wind-
ing (namely, the time point when the field current be-
comes 0 A is estimated). In contrast, in a second embod-
iment of the present invention, there is described a meth-
od of determining that the field current does not flow
based on an operation mode of the rotating electrical
machine.

[0045] FIG. 5is a structural diagram of the field current
correction section 120 according to the second embod-
iment of the present invention. A structure of the field
current correction section 120 illustrated in FIG. 5 of the
second embodiment is basically the same as the struc-
ture of the field current correction section 120 illustrated
in FIG. 3 of the first embodiment described above. How-
ever, the second embodiment is different in that instead
of reading the field current duty ratio Df from the field
current control section 100, the field current correction
value calculation unit 121 reads, based on the operation
command from the control unit 130, amode signal Smode
for determining which mode the operation mode transits
among the power generation mode, the halt mode, and
the like that are determined by the control section 70.
[0046] In general, the rotating electrical machine 40
mounted in the vehicle always receives the power gen-
eration command during operation of the engine in order
to compensate for power consumption of the vehicle and
charges the storage battery. However, when the rotating
electrical machine 40 performs the power generation op-
eration, a negative torque is generated for the engine.
[0047] Therefore, as a method of managing electric
power in the vehicle, it is considered to perform the fol-
lowing control. Specifically, forinstance, when the vehicle
reduces speed, namely, when a negative torque is nec-
essary for the engine, the power generation is actively
performed to generate power larger than power con-
sumed by the vehicle, whereas, in a situation where it is
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required to reduce a load on the engine for accelerating
the engine, the power generation is not performed even
during operation of the engine.

[0048] Inotherwords,itis considered thatno operation
command of the power generation command or the drive
command may be received or the stop command may
be received from the control unit 130 even during oper-
ation of the engine. In this case, the control section 70
transits the rotating electrical machine 40 to the halt
mode. When changing the halt mode, the control section
70 neither performs the armature control nor the field
current control. Therefore, the field current becomes 0 A
except for a falling delay time of the current due to field
winding characteristics just after changing the halt mode.
[0049] This is because it is considered that, just after
changing the halt mode, a current may be supplied to the
field winding in the last operation mode. Therefore, if the
halt mode in which a current is not supplied to the field
winding continues for a time period sufficiently longer
than the time constant of the field winding, the current
flowing in the field winding can be determined to be 0 A.
[0050] Therefore, in the second embodiment, the du-
ration time of the state where the mode signal Smode
indicates the halt mode is measured by the time meas-
uring means 121a. When the measured time reaches a
time corresponding to the correction value update per-
mission determination count value Cth stored in advance
in the correction value update permission determination
time storage unit 122, the field current correction value
loff is calculated and is written in the field current correc-
tion value storage unit 123.

[0051] As described above, according to the second
embodiment, when the mode in which the rotating elec-
trical machine performs no operation for supplying a cur-
rent to the field winding such as the power generation
operation or the drive operation continues for a time pe-
riod sufficiently longer than the time constant of the field
winding, it is determined that the field current has reliably
become 0 A. Thus, the same effect as that of the first
embodiment described above can be obtained.

[0052] Note that, in the second embodiment described
above, it is determined that the current does not flow in
the field winding based on the operation mode of the
rotating electrical machine. In contrast, for example, if
the vehicle is equipped with an idle reduction system, the
same effect can be obtained by the following determina-
tion.

[0053] When the vehicle performs idle reduction, the
rotation speed of the rotating electrical machine 40 cou-
pled to the engine becomes zero, and the power gener-
ation operation or the drive operation accompanying cur-
rent supply to the field winding is not performed. There-
fore, for example, when receiving information represent-
ing whether or not the vehicle is in idle reduction from
the control unit 130, if the duration time of the idle reduc-
tion (namely, the state where no current is supplied to
the field winding) continues for a time period sufficiently
longer than the time constant of the field winding, it is
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possible to determine that the current flowing in the field
winding is 0 A.

[0054] Inaddition, in the first embodiment and the sec-
ond embodiment described above, the correction value
of the field current is calculated when it is determined
that the current of the field winding is 0 A. However, the
present invention is not limited to this case. For instance,
itis possible to detect an ambient temperature of the field
current detection section 110 and to add a condition
whether or not to calculate the correction value depend-
ing on the ambient temperature.

[0055] Generally,itis considered that errors of the field
current detection section 110 are caused due to an indi-
vidual variation, aged deterioration, and temperature
characteristics. Among the above-mentioned factors, the
error due to the individual variation or the aged deterio-
ration is considered not to vary in short time. There is
thus no problem, for example, even when the correction
value is calculated only once after turning on the power
of the rotating electrical machine and no correction is
made thereafter.

[0056] On the other hand, the error due to the temper-
ature characteristics becomes outstanding when a tem-
perature varies. Therefore, if a variation amount of the
temperature from the last time the correction value is
calculated is small, it is not necessary to calculate the
correction value many times. Therefore, for example, if
the ambient temperature of the field current detection
section 110 varies within a predetermined range from the
ambient temperature of the last time the correction value
is calculated (if the detection error is within a permissible
range), the correction value is not calculated. Thus, un-
necessary calculation can be eliminated.

Claims

1. Afield winding rotating electrical machine, compris-
ing:

an armature winding;

a field winding;

a field current detection section configured to
detect a field current flowing in the field winding;
a field current control section configured to cal-
culate a duty ratio of a current supplied to the
field winding based on a field current detection
value detected by thefield current detection sec-
tion, to thereby control current supply to the field
winding by using a switching element; and

a field current correction section configured to
estimate a time point when the field current be-
comes 0 A based on a control state of the field
current, to specify the field current detection val-
ue detected by the field current detection section
at the estimated time point to be a field current
correction value, and to subtract the specified
field current correction value from the field cur-
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rent detection value detected by the field current
detection section, to thereby calculate the cor-
rected field current value,

wherein the field current control section controls
the current supply based on the corrected field
current value calculated by the field current cor-
rection section.

A field winding rotating electrical machine according
to claim 1, wherein the field current correction section
estimates a time point when a state where the duty
ratio calculated by the field current control section is
zero, which corresponds to the control state of the
field current, continues for a predetermined time pe-
riod to be the time point when the field current be-
comes 0 A, and specifies the field current correction
value.

A field winding rotating electrical machine according
to claim 1, wherein in a case where a control mode
includes: as the control modes, one or more opera-
tion modes, to which the mode transits in accordance
with an operation command sent from outside; and
a halt mode in which current supply control to the
armature winding and the field winding is not per-
formed, the field current correction section estimates
a time point when one of a state where the control
mode is not one of the operation mode and the halt
mode and a state of the halt mode as the control
state of the field current continues for a predeter-
mined time period to be the time point when the field
current becomes 0 A, and specifies the field current
correction value.

A field winding rotating electrical machine according
to claim 1, wherein in a case where a vehicle
equipped with an idle stop system performs field cur-
rent control, the field current correction section esti-
mates a time point when a state where the vehicle
performs idle reduction, which corresponds to the
control state of the field current, continues for a pre-
determined time period to be the time point when the
field current becomes 0 A, and specifies the field
current correction value.

A field winding rotating electrical machine according
to any one of claims 2 to 4, wherein the predeter-
mined time period used by the field current correction
section is set to a value based on a time constant of
the field winding.

A field winding rotating electrical machine according
to any one of claims 1 to 5, further comprising a tem-
perature detection section configured to detect am-
bient temperature of the field current detection sec-
tion,

wherein the field current correction section stores
the ambient temperature detected by the tempera-
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ture detection section when the field current correc-
tion value is specified as ambient temperature of the
correction,

wherein when the ambient temperature detected by
the temperature detection section is within a prede-
termined range from the ambient temperature of the
correction, the field current correction section avoids
specifying the field current correction value, and
wherein when the ambient temperature detected by
the temperature detection section is outside the pre-
determined range from the ambient temperature of
the correction, the field current correction section
specifies the field current correction value.

A method of controlling a field current of a field wind-
ing rotating electrical machine,
the field winding rotating electrical machine compris-

ing:

an armature winding; and
a field winding,

the method comprising:

a field current detection step of detecting, by a
field current detector, a field current flowing in
the field winding;

a field current control step of calculating a duty
ratio of a current supplied to the field winding
based on afield current detection value detected
inthe field current detection step, to thereby con-
trol current supply to the field winding by using
a switching element; and

a field current correction step of estimating a
time point when the field current becomes 0 A
based on a control state of the field current,
specifying the field current detection value de-
tected in the field current detection step at the
estimated time point to be a field current correc-
tion value, and subtracting the specified field
current correction value from the field current
detection value detected in the field current de-
tection step, to thereby calculate the corrected
field current value,

wherein the field current control step comprises
controlling the current supply based on the cor-
rected field current value calculated in the field
current correction step.
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FIG. 4(a)
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